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Foreword

The development and implementation of the STandard for the Exchange of Product model
data (STEP) is dynamic and on-going. "STEP" is actually a series of standards, developed by
experts worldwide, under the auspices of ISO Technical Committee (TC) 184, Sub-Committee
(SC) 4. A handbook such as the following represents a “snap shot” of the information as it exists
at this point in time.

This handbook, which updates the STEP Application Handbook published in June 2000
(See Document 18, Appendix A), concentrates on identifying the application domains being
covered by STEP development, identifying commercially available tools for using STEP, and
providing guidance on using the STEP technology that is currently available. It updates those
STEP Application Protocols (AP’s) that have achieved International Standard (IS) status, those
AP’s that are currently active (or about to be activated), those AP’s that are currently implemented
and have commercially available translators, and those AP’s that have been or are currently being
piloted, prototyped, or proved-out.

This handbook is intended as an updated collection of information on the current state of
STEP and it’s current usability. It is intended to provide information of value to engineering users
with a need to exchange product data with customers and/or suppliers.

An attempt has been made to distinguish between what is “real” now and what is
theoretically possible in the future and to identify some of the current obstacles to achieving the
ultimate goal of STEP. (i.e., to provide a complete, unambiguous, neutral computer-interpretable
standard for representing product data throughout the lifecycle of the product)
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Abstract/Executive Summary

Organizations can not do e-commerce if the technical drawings are “in the mail”. Digital
technical data standards are a cornerstone of e-business. If we are going to do “commerce at
light speed”, the use of neutral digital technical data standards is one of the requirements. The
STandard for the Exchange of Product model data (STEP) is an International Organization for
Standardization (ISO) product model data exchange standard (identified as ISO 10303) that is
designed to meet this need.

This handbook is intended as a collection of information on the current state of STEP and
it’s current usability. "STEP" is actually a series of standards, developed by experts worldwide,
under the auspices of ISO TC184/SC4. 1t is intended to provide information of value to
engineering users with a need to exchange product data with customers and/or suppliers.

The handbook concentrates on identifying the application domains being covered by STEP
development, identifying commercially available tools for using STEP, providing guidance on
using the STEP technology that is currently available, and providing sources of additional
information.

This handbook updates the STEP Application Handbook previously published in June
2000. It presents a brief introduction to STEP along with an indication of how the ISO
Standardization Process works relative to STEP. The reader is made aware of the current status
of STEP development with emphasis on those parts of STEP that have achieved International
Standard (IS) status and those parts that are currently being developed. The scope of each STEP
Application Protocol (AP) is presented to indicate what is and what isn't addressed in the AP's.
This information is presented so that the engineering user is able to see the depth of coverage of
the AP's and to identify those STEP AP's and their associated conformance classes that best will
meet the user's product data exchange (PDE) requirements. The section on STEP Application
Suites has been expanded to illustrate the integration/interaction of STEP Application Protocols
in a variety of application domains. This has become more relevant as a greater number of AP
have achieved IS status.

There is some discussion on some development and implementation approaches that have
started to appear in the last two years. These approaches are intended to expedite the
development process and to enable implementation and use of STEP for product data exchange
in a web-based environment.

A table is provided showing commercially available PDE translators from the major
CAD/CAM vendors. This table includes STEP translators as well as direct translators and
translators that use other PDE formats. This table has not changed much since June 2000. It is
noted that there is a trend toward translation service bureaus and an increased number of these
services.

At this point, commercially available implementation of STEP translators are still pretty
much limited to several conformance classes of AP203 - Configuration Controlled Design and



two conformance classes of AP214 - Core Data for Automotive Mechanical Design Processes
which are roughly equivalent to AP203. Over the past two years, these products have improved
significantly. Many have added modules for supplementary capabilities, and almost all have
added (or improved) “healing” capabilities. Reference is made to major companies who have
put this current STEP capability into production.

Despite the limited coverage of STEP AP's in the commercial marketplace, there are (and
have been) numerous pilot, prototype and proof-of-concept implementations of the many STEP
Application Protocols as they have been evolving through the stages of ISO standardization.
Many of these pilot projects are cited in the handbook to emphasize the successful demonstration
of the power and robustness of the evolving STEP standards. Some of the major companies have
implemented (or are implementing) in-house implementations of STEP Application Protocols.

An attempt has been made to distinguish between what is “real” now and what is
theoretically possible (& achievable) in the future and to identify some of the current obstacles to
achieving the ultimate goal of STEP. (i.e., to provide a complete, unambiguous, neutral computer-
interpretable standard for representing product data throughout the lifecycle of the product.)

Some guidance is provided for the engineering user in using the currently available STEP
capability. Many obstacles have been overcome and many lessons have been learned in bringing
this "first phase" of STEP implementation into production. Some hints, guidelines and checklists
are provided and referenced to assist in using the currently available STEP technology.

The STEP-related product that is commercially available to the engineering user
community is essentially AP203 and its "look alike" AP214 cc 1&2 (i.e., geometry (wireframe,
surfaces & solids) with some configuration management data). What is available is really very
good --- good enough to be in production at Boeing, Lockheed Martin, General Motors, General
Electric, Pratt & Whitney, Rolls Royce, Electric Boat, Northrop Grumman and other large
companies and government facilities. But STEP presents a much more powerful and robust
technology beyond that currently implemented and this is being demonstrated in numerous
Research & Development environments.

STEP is still evolving and is now at a point in its evolution when a significant number of
Application Protocols have achieved International Standard status. There are now 12 STEP
Application Protocols that are International Standards and others that are steadily moving toward
that status. STEP is and will be more than AP203. The user community needs to look more
closely at the AP's and their associated conformance classes to determine what components/parts
of STEP best meet their requirements. In order to realize the "full" power of STEP, the user
community has to drive vendor implementation of the AP conformance classes that meet their
business objectives. In order for this to happen, strong business cases need to be developed in
order to get the CAD/CAM/CAE Vendors on board.
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IR - Integrated Resource

SDALI - Standard Data Access Interface
UoF - Unit of Functionality

STEP web integrated supplier exchange pilot
STEP TDP Interoperability Readiness pilot
Tank automotive and Armament COMmand
Technical Advisory Group

Technical Committee

Technical Data Package

Team Integrated-Electronic Response

Unified Modeling Language

Unit of Functionality

U. S. Product data association

United Kingdom

UK Council for Electronic Business

United Kingdom RAMP

Validating Advanced Supply-chain Technology

L L L L R Y

Verband der Automobilindustrie - German Standard to exchange 2D

CAD Geometry & dimensions (DIN)

Verband der Automobilindustrie - German Standard to exchange Surface

Data (DIN)

Very High Speed Integrated Circuit (VHSIC) Hardware Description

Language (ANSI/IEEE)

World Wide Web Consortium

XML Metadata Interchange

eXtensible Markup Language

eXtensible Stylesheet Language

eXtensible Stylesheet Language Transformations
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Proprietary Names of Vendors and Products

Product/Vendor Descripton

ACIS Geometric Modeling Kernel supporting 3D surfaces and BREP solids

AutoCAD A CAD system developed and marketed by Autodesk

Autodesk A CAD/CAM system developer and vendor - Develops and markets
AutoCAD and Mechanical Desktop

Bentley A Company that develops and markets CAD/CAM Software

Board Station

A CAE system for Printed Circuit Board (PCB) layout design developed
and marketed by Mentorgraphics

Bravo A CAD system developed by Applicon (now part of UGSolutions)
CADDS 4X/CADDS5 CAD systems developed by Computervision

Cadence An Electrical/Electronic CAE System Vendor

CADKEY A CAD system developed and marketed by CADKEY Corporation
Camand Mutax A CAM system (formerly CAMAX) developed and marketed by SDRC
CATIA A CAD system developed and marketed by Dassault Systemes & IBM

Computervision

A company, now, within Parametric Technology Corporation

Dassault Systemes

A French CAD/CAM Company that develops and markets CATIA and
SolidWorks

Eagle A PC based ECAD System

ECCO An EXPRESS Compiler developed and marketed by PDTec

EDM An EXPRESS Compiler developed and marketed by EPM

EPM A Norwegian Product Data Modeling Software Company

EXPRESS Data A Suite of tools for application development and integration developed
Manager and marketed by EPM

EXPRESS Engine

Express Compiler developed by NIST & NASA (Formerly EXPRESSO)

FBMach

A feature-based machining system developed by Honeywel Federal
Manufacturing and Technologies (formerly Allied Signal)

FEDEX An (earlier) Express Compiler developed at NIST

FORAN A CAD System for Ship Structural Design developed and marketed by
SENER

FREEDOM A 3D ECAD System developed and marketed by Zukan-Redac

GibbsCAM A CAM System developed and marketed by Gibbs and Associates

ICAD A knowledge-based engine marketed by KTI

I-DEAS A CAD system developed and marketed by SDRC

InterData Access A company, now, within Spatial Technology, Inc. - Provides data

(IDA) analysis tools and services

Intergraph A company that develops and markets CAD/CAM systems

IronCAD A CAD System developed and marketed by ICAD

ISDP/GSCAD A Shipbuilding CAD/CAM System developed and marketed by
Intergraph

ITI International TechneGroupe, Inc. - A Product Data Interoperability Tool

developer and vendor

Kockcums Computer
Systems (KCS)

A European company that develops and markets CAD/CAM Systems
(e.g., Tribon)
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Product/VVendor

Descripton

KTI Knowledge Technologies International

LOCAM A CAM system developed and marketed by LSC Group, Ltd

LKSoft A German Company that develops and markets CAD/CAM/CAE
Software Tools

MasterCAM A CAM System developed and marketed by CNC Software, Inc.

Mechanical Desktop

A CAD/CAM system developed and marketed by Autodesk

Mentorgraphics

An Electrical/Electronic CAE System Vendor

Parasolid Geometric Modeling Kernel supporting 3D surfaces and BREP solids

PDGS Product Design Graphics System - A CAD System developed by Ford
Motor Corporation

PDTec A German Product Data Modeling Software Company

PLM A Product Line of EDS/UGSolutions

Pro/ENGINEER A CAD System developed and marketed by PTC

(Pro/E)

PTC Parametric Technology Corporation

SDRC Structural Dynamics Research Corporation

SENER Ingenieria A European Company that develops and markets CAD/CAM systems

Sistemes, S.A.

SIMSMART A process engineering simulation tool. Also the name of the Canadian
company that develops and markets the tool.

Solid Edge A PC-based CAD system marketed by Unigraphics Solutions

SolidWorks A PC-based CAD System marketed by Dassault Systemes (Developed by
SolidWorks Corporation, now a subsidiary of Dassault)

SmartCAM A CAM system developed and marketed by SDRC

Spatial Technology,
Inc.

Develops and markets ACIS and ACIS based tools

STEP Tools, Inc.

Provides STEP related tools, translators, and services

SurfCAM

A CAM system developed and marketed by SDRC

Theorem Solutions

A Product Data Exchange Software Tool Company in the UK

Tribon

A CAD System for Ship Structural Design developed and marketed by
Kockums Computer Systems (KCS)

Unigraphics

A CAD system developed and marketed by UGSolutions

Unigraphics Solutions
(UGSolutions)

Develops and markets Unigraphics, Solid Edge, Bravo, and Parasolid

Visula

A CAE System developed and marketed by Zuken Redac

Zuken Redac

An Electrical/Electronic CAE System Vendor
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1. Introduction

The STandard for the Exchange of Product model data (STEP - ISO 10303) provides a
neutral computer-interpretable representation of product data throughout the life cycle of a
product, independent of any particular system. STEP is actually a suite of international standards
built around an integrated architecture of domain specific application protocols (AP) and generic
integrated resources. The AP’s break STEP into manageable and comprehensible "chunks" that
can be more readily implemented.

Almost everyone involved with product design and/or manufacture, whether it is
mechanical, electrical/electronic, or electromechanical, agrees on the importance of being able to
exchange product data effectively among contractors/customers and subcontractors/suppliers
who often use different CAD/CAM/CAE systems. Manufacturing is frequently outsourced.
Accurate, complete product data is essential for the production and procurement of quality
products. The issue of "standards" usually comes up in discussions about data exchange.

In this handbook, we will present a brief introduction to STEP along with an indication of
how the ISO Standardization Process works relative to STEP. The current status of STEP
development will be presented with emphasis on those parts of STEP that have achieved
International Standard (IS) status and those parts that are currently being developed.. The scopes
of these STEP Application Protocols (AP's) are presented to indicate what is and isn't addressed
in the AP's. This information is presented so that the engineering user is able to see the depth of
coverage of the AP's and to identify those STEP AP's and their associated conformance classes
that best will meet the user's product data exchange (PDE) requirements.

The handbook is intended as a collection of information on the current state of STEP and
it’s current usability. It is intended to provide information of value to engineering users with a
need to exchange product data with customers and/or suppliers.

It identifies the application domains being covered by STEP development and the tools that
are commercially available for using STEP. It provides some guidance on using the STEP
technology that is currently available and cites sources of additional information.



2. Background

2.1 1SO 10303 (STEP) Overview

(from http://www.ukceb.org/step)

"STEP, Standard for the Exchange of Product Model Data, provides a representation of
product information along with the necessary mechanisms and definitions to enable product data
to be exchanged. The exchange is among different computer systems and environments
associated with the complete product lifecycle including design, manufacture, utilisation,
maintenance, and disposal. The information generated about a product during these processes is
used for many purposes. This use may involve many computer systems, including some that may
be located in different organisations. In order to support such uses, organisations must be able to
represent their product information in a common computer-interpretable form that is required to
remain complete and consistent when exchanged among different computer systems.

STEP is organised as a series of parts, each published separately. These parts fall into one
of the following series: description methods, integrated resources, application protocols, abstract
test suites, implementation methods, and conformance testing. STEP uses a formal specification
language, EXPRESS, to specify the product information to be represented. The use of a formal
language enables precision and consistency of representation and facilitates development of
implementations. STEP uses application protocols (APs) to specify the representation of product
information for one or more applications. It is expected that several hundred APs may be
developed to support the many industrial applications that STEP is expected to serve.

An addition to the STEP standard that certainly will enhance its implementability and
acceptance is the constraint that abstract test suites and conformance testing must be built into
the standard.

The overall objective of STEP is to provide a mechanism that is capable of describing
product data throughout the life cycle of a product, independent from any particular system. The
nature of this description makes it suitable not only for neutral file exchange, but also as a basis
for implementing and sharing product databases and archiving. The ultimate goal is an integrated
product information database that is accessible and useful to all the resources necessary to
support a product over its lifecycle."

For more information on STEP, the reader is referred to some of the following
introductory texts on STEP:

1. Introducing STEP - The Foundation for Product Data Exchange in the Aerospace and
Defence Sectors, National Research Council Canada, C2-447/1999, Susan Gilles (ed), 1999.

2. STEP-The Grand Experience, NIST, Sharon J. Kemmerer (ed.), July 1999

3. STEP:Towards Open Systems-STEP Fundamentals and Business Benefits, Dr. Kais Al-
Timimi & John MacKrell, CIMdata, September, 1996.

Several Websites to visit for Introductory/Background Information on STEP are the following:


http://www.ukceb.org/step

Team SCRA - RAMP Product Data --- http://isg.scra.org/teams/step.html
PDES Inc. Public Website --- http://pdesinc.aticorp.org/
PDES, Inc. STEP Overview --- http://pdesinc.aticom.org/whzstep.html|

NIST SC4 Website (Updated 2001-11-28): --- http://www.nist.gov/sc5/soap/]

--- STEP On A Page

5. UK Council for Electronic Business (UKCEB) Website --- http://www.ukceb.org/step//
"STEP-A Key Tool in the Global Market" (Overview) --- Nice History of STEP
ProSTEP --- http://www.prostep.org/de/stepportal/was/| (In German)

7. Canadian Handbook: Introducing STEP --- http:/strategis.ic.gc.ca/SSG/ad03581e.html|

b S

a

A very useful compact summary of the STEP development process with a periodic status
update was developed by Jim Nell (@ NIST). Jim is the chairman of ISO TC184/SCS5, but was a
long time participant in the working groups of ISO TC184/SC4 (the "home" of STEP). Jim
conceived the concept of "STEP On A Page" (SOAP). On the front and back of a single "piece
of paper", he was able to capture a description of all of the STEP documents and a summary of
their development status which he continues to maintain/update on a periodic basis. SOAP
appears below. SOAP can be found @ http://www.nist.gov/sc5/soap/|

PDES, Inc. also created a set of easy to understand graphics that describe the STEP
Application Protocols which can be referred to as "User Friendly AP's on a Page". They can be
found at the PDES, Inc. Public Web Site @ http://pdesinc.aticorp.org/whystep.html|

Over the years, the International STEP community has worked very closely within the
ISO TC184/SC4 working groups with international meetings occurring 3 or 4 times a year.
Within most of the countries, national STEP Centers have been established. Often, as important
issues would arise or affirmation of commitments were felt to be appropriate, Memoranda of
Understanding (MOU's) would be signed and issued as "Press Releases". Several of the more
important MOU's were the MOU's signed (in the mid to late 1990's) by the international
aerospace, automotive, and shipbuilding companies and government agencies committing to the
support of STEP development and implementation. Some of the more recent MOU's were: (see
http://pdesinc.aticorp.org| & its archives)

= the 1997 MOU on the harmonized STEP PDM Schema (viz., for AP's 203, 210, 212, 214,
& 232) signed by ProSTEP, PDES, Inc., and JSTEP,

= the 1998 MOU on the use of the STEP PDM Schema for the EuroFighter signed by BAe
(UK), DASA (Germany), CASA (Spain), and Alenia (Italy),

= the 1999 MOU on Modular Development and Implementation sign by PDES, Inc.,
ProSTEP, GOSET, and JSTEP, and

= the 1999 MOU on Conformance Testing and Certification signed by PDES, Inc.,

GOSET, JSTEP, and C-STEP.

the 1999 Memorandum of Understanding (MOU) between NAFEMS and PDES, Inc.,

the 1999 MOU between PDES, Inc. and ProSTEP to define a Joint Work Plan for

developing, testing, and implementing STEP capability.

Uy


http://isg.scra.org/teams/step.html
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http://pdesinc.aticorp.org/whystep.html
http://pdesinc.aticorp.org/

= the 1999 agreement between PDES, Inc. and ProSTEP on version 1.1 of the Unified
PDM Schema.

= the 1999 terms of reference for International STEP Centers (ISC) signed by PDES, Inc.,
ProSTEP, GOSET, JSTEP. AUSDEC, SWEDSTEP, and UNINOVA.

= 2001 MOU between EMSA, JMSA, the Korean STEP Center, and NIDDESC
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Figure 1: STEP On A Page (Front)
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IS0 10303

STEP otia Page provides a
graphic summaty of the progress of
STEP, Btandard for the Ex change
of Product Model Doata the familiar
nam e for I30 10303, I30 TC124
AC 4, Industiial- Autom ation
SBystem s and Inte grationdndustrial
Diata develops the 3TEP standard
[Status of STEP Parts |

Every part shownin the 3TEP on
aPage hasits status shown beside
it. The status designators vary from
“07 the [30 preliminary stage) to
“T” rInternati onal Standard--the
stage it which the standard is
published). Parts designated as “E,
F” (lewels of Draft Internati onal
Btandard) and “T7 are considered
advanced enough to allow soffware
wendors to prepate
implementations. The legend at the
bottom of the page lists the
cott espotding T30 -project stage
rmbers next to the letter code.
[Architecture of STEP |

STEP ot a Page attempts to show
the 3TEP architectire by grouping
the 3TEF partsinto five main
categories description methods,
implementation and conformance
methodalogy, common resoces,
ahstract-test suites, and application
protocols.

[Description Methods |
From an architectural perspective,
the description methods group
formes the wnderpinring of the
BTEP standard. Tlisinchades part
1, Overview, which also contaits
defiritions that are undversal to the
STEP. Also in that group, part 11,
EXPREZSE Langnage Reference
Iiatmial, describesthe data-
modeling lanouage that is employed
in3TEF. Farts in the descrintive-
methods sroun are numbered from
1tol9
|Imp1ementatinn & Conformance |

The 3STEF mplemerntation
methods growp, the 20 series,
describes the mapping from ITEP
formal specifications to a
representation used to impl em erd
STEP.

The conformance-testing-

methodology framework group, the
30 s series, provides information on
methods to test softwar e prodact
conformatce to the 3TEP standard,
gidance for creating sbstract-test
sutes and the responsitilities of
testing laboratories. The STEP
statidard 15 urigue in that it placesa
weryhigh emphasis on testing, and
actually includes these methods in
the standard itself.

Common Resources
(IR, AIC. and AM)

functional groups, defined in
etiterprise-application terms, are
aligned with groups of integrated-
generic resowrces. The application
modhdes comprise the 1000 series
of parts, which are techmical
specifications that achiewve
consensus at the Committes stage.
2Ms offer an opportanity to
represent funct onal capability in
multiple AFs with a lower
standards development cost.

[Absiract-Test Suites (ATS)

At the next level is the common
resoxces grovp, the parts that
cotitain the generic-3TEP -data
todels. The common resources
wete formetly called irdegyated-
information resources. These data
models can be considered the
building blocks of STEF, and they
caty help AP integration and
ituter oper ability because entities in
the commh okt esorces goup are
sharedhle actoss the application
protocals that need them.

Categories of common tesoces
are geteric resouces, application
resoyces, and application-
interpreted constnacts, application
modules, plusthe Logical model of
[30 13584-20 and the Time model
of [S0 15331-42. Integrated
SRLIEHiC tES0ULCES ate Jenetic
ettities that are used as needed by
application protocols (AP below).
Parts within generic resources have
toamber s between 40 and 60, and
are used across the erdire specttum
of 3STEP AFs. The integrated
application resmurces contain
eritities that have slightly more
cotitext than the generic entities.
The parts inthe irdegrated-
application resources are tanbered
it the 100s.

The 500 series are application
interpreted constnacts, AIC s These
are reusable groups of informati on-
tesowwce ertities that make it easier
to expressidertical sem antics in
more that one AP,

Application Modules are reusable
groups of functional information
requirements of applications that
extenud the AIC capability. The

The 300 series of parts, abstract
test suites, consists of test data and
criteria that are used to assess the
corfarmance of a STEFP software
product to the associated AF. 3C4
reoquires that every AP contain or be
associated with an abstract-test
suite. The mumbers assigned to
ATaEs exceed the AP mambers by
exactly 100, Therefore, ATE 303
appliesto AP203. On the graphic,
the AT stabasis shownin
brackets, [ ], following the AF
1AM E.

[Application Protocels (AF)

At the top lewel of the STEF
hierarchy are the more complex
data models used to describe
specific product data applications.
These patts are kiown as
application protocdl s and describe
not ondy what datais to be used in
describing a product, bt also how
the dataisto be usedinthe model.
The APs use the irdegrated-
informati on resource s in well-
defined combinati ons and
cotfigu ati ons to represent a
particular data model of some
phase of product life. AFs are
manbered in the 2005 APs
cutretitly in use are the Explicit
Diranghting AP 201 and the
Configaration Contralled Design
AP 203,

o020 oo

STEF ov a Fage was concelved
avd implemented by Jim Nell,
MNationwl Irsfitufe of Stavdards and
Techmology. Undated O1-fune-07

Figure 2: STEP On A Page (Back)




2.2 Existing/Active STEP Application Protocols

The following list includes STEP Application Protocols that are active.

AP201:1994
AP202:1997
AP203:1994

AP204
AP207:1999
AP209:2001
AP210:2001
AP212:2001
AP213
AP214:2001
AP215
AP216
AP218
AP219
AP220

AP221
AP223

AP224:1999
(1% Ed)
AP224:2001
(2" Ed)
AP225:1999
AP226
AP227:2001
(1% Ed)
AP227

(2" Ed)
AP229
AP230
AP231
AP232:2002
AP233
AP234
AP235
AP236
AP237
AP238
AP239

IS
IS
IS

FDIS
IS
IS
IS
IS
DIS
IS
CD
DIS
CD
PWI
PWI

CD
PWI

IS

IS

IS
CD
IS

CD

PWI
WD
CD
IS
WD
AWI
WD
WD
AWI
PWI
AWI

Explicit draughting

Associative draughting

Configuration controlled 3D designs of mechanical parts and
assemblies

Mechanical design using boundary representation

Sheet metal die planning and design

Composite and metallic structural analysis & related design
Electronic assembly, interconnection and exchange
Electrotechnical design and installation

Numerical control process plans for machined parts

Core data for automotive mechanical design processes

Ship arrangement

Ship moulded forms

Ship structures

Manage dimensional inspection of solid parts or assemblies
Process planning, manufacturing, assembly of layered electrical
products

Functional data and their schematic representation for process plants
Exchange of design and manufacturing product information for cast
parts

Mechanical product definition for process planning using
machining features

Mechanical product definition for process planning using
machining features (includes assemblies)

Building elements using explicit shape representation

Ship mechanical systems

Plant spatial configuration

Plant spatial configuration (includes ship piping and HVAC)

Design and manufacturing product information for forged parts
Building structural frame: steelwork

Process design and process specifications of major equipment
Technical data packaging core information and exchange
Systems engineering data representation

Ship operational logs, records, and messages

Materials information for the design and verification of products
Furniture product data and project data

Computational Fluid Dynamics

STEP-NC

Product Life Cycle Support



Where

PWI Preliminary Work Item

AWI Approved Work Item

WD  Working Draft

CD  Committee Draft

DIS Draft International Standard
FDIS Final Draft International Standard
IS International Standard

See the PDES, Inc. public web site: http://pdesinc.aticorp.org/whatsnew/all _aps.html|for "user
friendly" graphics describing most of the STEP AP's individually "on a page".

PDES, Inc., along with other STEP organizations worldwide, has put forth an initiative to
develop STEP Application Modules (AM's) that are domain, or even complete AP, building
blocks. The initial set of AM's (1001-1009) have been published as ISO Technical
Specifications (TS) in 2001. This effort is aimed at significantly speeding up the ISO
standardization process. The AM initiative has widespread support, particularly from the user
community. The next set of 64 AM’s started the four (4) month CD/TS ballot cycle on 2001-10-
17. These are the Product Data Management (PDM) Application Modules, and are being
balloted as eight (8) packages of AM’s.


http://pdesinc.aticorp.org/whatsnew/all_aps.html
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AP203 (Edition 2) will be developed using AM’s and is expected to be balloted in 2002
as a Technical Specification. It will include the PDM AM’s (replacing the current
Configuration Management (CM) conformance classes (ccla & 1b)), colors and layers,
validation properties, and the construction history and dimensions and tolerance modules which
are under development and will be balloted as AM’s in 2002. AP221 (Functional data and their
schematic representation for process plants), AP233 (Systems engineering), and AP239(?)
(Product life cycle support) and the Engineering Analysis Core Model (EACM) have also
committed to a modular approach.

In an attempt to ‘“streamline procedures, the ISO Central Secretariat Council has
introduced several “new”, more flexible, paths along which ISO normative documents can be
developed. Two such paths are the Publicly Available Specification (PAS) and the Technical
Specification (TS).

(See http://www.iso.ch/iso/en/stdsdevelopment/whowhenhow/proc/deliverables/pasetc.html)

The ISO/PAS is a “normative document representing the consensus within a working
group (WG).” A PAS only requires a simple majority of P-members of the TC/SC under which
the WG operates. It is reviewed after 3 years. It may be renewed as a PAS for 3 more years
(max), revised, processed to International Standard Status, or withdrawn. There can be
competing PAS’s as long as none of them conflicts with existing standards.

PAS 20542 (AP233) (See 2.7.14 & 2.8.5) Systems Engineering is taking this route
building on the earlier work of the International Council On Systems Engineering (INCOSE).

The ISO/TS is similar. The ISO/TS is a “normative document representing the technical
consensus within an ISO committee.” This is a route that many TC184/SC4 documents are now
taking. All of the Application Modules and Abstract Test Suites, as well as Part 25, Part 28, and
the 2" Edition of AP203 will be balloted as TS’s. TS ballots are three months and require
approval of 2/3 of the P-members of the TC to be published as an ISO/TS. TS’s, too, may be
renewed as a TS for 3 more years (max), revised, processed to International Standard Status, or
withdrawn.

“A standard developed outside of an ISO committee (can be) submitted for fast-track
processing. The standard is submitted directly as an ISO/DIS for a five month vote, and the
same approval criteria ... apply” as for conventional DIS ballots.

The following table identifies the stages in the ISO Standardization Process. The process
of reaching international consensus on a standard can be and often is very arduous. STEP
Application Protocol development, from the initial proposal for a new project (the Preliminary
Work Item) to the publication of the International Standard, often has taken five (5) or more
years to complete.
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2.3 International Harmonized Stage Codes

STAGE SUBSTAGE
00 20 60 90 Decision
Registration Start of Main Completion 92 93 98 99
Action of Main Repeat of Repeat Abandon Proceed
Action Earlier Current
Phase Phase
00 00.00 00.20 00.60 00.98 00.99
Preliminary Proposal for Proposal for Review Proposal for Approval to
Stage new project new project summary new project | ballot proposal
received under review circulated abandoned | for new project
10 10.00 10.20 10.60 10.92 10.98 10.99
Proposal Proposal for New Project Voting Proposal New project New project
Stage new project ballot initiated summary returned to rejected approved
registered 4 months circulated submitter for
further
definition
20 20.00 20.20 20.60 20.98 20.99
Preparatory New project Working Draft Comments Project WD approved
Stage registered in (WD) study summary deleted for registration
TC/SC work initiated circulated as CD
program
30 30.00 30.20 30.60 30.92 30.98 30.99
Committee Committee CD Comments/ CD referred Project CD approved
Stage Draft (CD) study/ballot voting back to deleted for registration
registered initiated summary working as DIS
4 months-1% circulated group
3 months-2"+
40 40.00 40.20 40.60 40.92 40.93 40.98 40.99
Enquiry DIS registered DIS ballot Voting Full report Full report Project Full report
Stage initiated summary circulated: circulated: deleted circulated: DIS
5 months dispatched DIS referred | decision for approved for
back to TC or new DIS registration as
SC ballot FDIS
50 50.00 50.20 50.60 50.92 50.98 50.99
Approval FDIS FDIS ballot Voting FDIS referred Project FDIS approved
Stage registered for initiated: summary back to TC or deleted for publication
formal 2 months. dispatched. SC
approval Proof sent to Proof
secretariat returned by
secretariat
60 60.00 60.60
Publication International International
Stage Standard under Standard
publication published
90 90.20 90.60 90.92 90.93 90.99
Review Stage International Review International | Internation Withdrawal of
Standard under summary Standard to be | al Standard International
periodical dispatched revised confirmed Standard
review proposed by
TC or SC
95 95.20 95.60 95.92 95.99
Withdrawal Withdrawal Voting Decision not Withdrawal of
Stage ballot initiated summary to withdraw International
dispatched International Standard
Standard

Figure 4: 1SO Stage Codes
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Examples of the principal abbreviations used in the technical program

The following table gives examples of the principal abbreviations used in the ISO technical
program, together with an indication of the corresponding project stage.

Stage Abbreviation Description
20 20.00 |AWI Approved Work Item, no working draft yet available.
Preparatory Approved proposal for an Amendment
stage AWI Amd Approved proposal for a Technical Report or a
AWITR or TS Technical Specification
20.20 |WD Working Draft
WD Amd Working draft of an Amendment
WD TR or TS Working draft of a Technical Report or a Technical
Specification
30 CD Committee Draft
Committee CD Amd Committee draft of an Amendment
stage CD Cor Committee draft of a Technical Corrigendum
CD TR or TS Committee draft of a Technical Report or a Technical
Specification
DTR Draft Technical Report
PDAmd Proposed draft amendment
40 DIS Draft International Standard
Enquiry stage DAmd Draft Amendment
FCD Final Committee draft
FPDISP Final proposed Draft International Standardized
Profile
50 FDIS Final Draft International Standard
Approval stage FDAmd Final draft amendment
PRF Proof of a new International Standard
PRF Amd Proof of an Amendment
PRF TR or TS Proof of a Technical Report or a Technical
Specification
PRF Suppl Proof of a Supplement
60 ISO International Standard
Publication ISO/TR or TS Technical Report or Technical Specification
stage Amd Amendment
Cor Technical Corrigendum

Figure 5 ISO Stage Abbreviations

NOTES RELATING TO THE ABOVE TABLE
* The abbreviations in italics apply only to the projects of ISO/IEC JTC 1.
* The abbreviations AWI (approved work item) and PRF (proof) do not appear in the
ISO/IEC Directives, Part 1: Procedures for the technical work, 1995, but have been
added here to reflect the current options. AWI is only used for stage 20.00 (new project
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registered in TC/SC work program) and PRF is applied in cases where projects are
passing through the approval stage (50) without being subject to a FDIS ballot.

2.4 Comments on STEP AP’s, AIC’s, AM’s and RPG’s

STEP development is reaching a point at which numerous STEP Standards are reaching
closure and stability. There are now twelve (12) Application Protocols that have achieved IS
status. It would seem that this is an opportune point in time for CAD/CAM Vendors to expand
their implementation coverage.

There are conformance classes (cc) associated with each AP. Conformance classes are
subsets of an AP that can be implemented "meaningfully" within that application domain without
having to implement all aspects of the AP. Implementation of selected conformance classes can
be seen in those AP's that have been commercially implemented to date (viz., AP's 203 and 214).

As an engineering user, it will be important to know what conformance classes of an AP
have been implemented. It is not enough to indicate that a Vendor has a STEP or an APxxx
translator. The engineering user will need to know what conformance classes of APxxx have
been implemented and to understand the coverage of those conformance classes. As examples:
AP203 has 12 conformance classes (1a,b through 6a,b). Very few Vendors who claim to have an
AP203 translator have implemented cc 5a,b; most have implemented cc's 2a, 4a & 6a (i.e., with a
"minimal” (but acceptable, by consensus) subset of Configuration Management data (viz.,
ccla)). Most vendors who claim to have an AP214 translator have only implemented ccl and/or
cc2 that are essentially identical to AP203 geometry/topology with a somewhat different set of
configuration management data. Note that AP214 has 20 conformance classes; these 20
conformance classes cover essentially the entire spectrum of automotive design. It is misleading,
at this point, for Vendors to claim that they have implemented AP214 without qualifying that
statement with the conformance classes that have been implemented. Almost all commercially
available AP214 translators address only the AP203 "look alike" conformance classes (i.e.,
AP214 cc's 1 & 2). It should be noted that some of the Vendors now have prototype
implementations of the PDM conformance classes (cc 6 & 7) of AP214. Extensive effort has
been expended in harmonizing the PDM Schema with those STEP AP’s addressing PDM data
such as AP’s 203, 209, 214, and 232.

In the following sections, the scope is given for each of the AP's that have been published
as ISO 10303 standards and those that are in the process of being developed. The conformance
classes associated with each of the AP's that have achieved IS status are also provided, as well as
many of those that are in development. The intention here is to provide the engineering user
with a view of the robustness of the STEP AP's and the potential usefulness of implementations
of the associated conformance classes. As will be noted later, in the final analysis, it will be the
engineering user who will drive the Vendor implementations of STEP AP conformance classes.

A concept that was created within the STEP development process was that of the
Application Interpreted Construct (AIC) which could be referenced by multiple AP's and,
thereby, reduce the number of pages in AP documents and assure consistency among the AP's
referencing the AIC's.
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The Application Module (AM) was another concept that was established to assist and
accelerate STEP development and implementation. The intent of AM's is to identify and develop
modules that have commonality among numerous application domains. Existing AP's could be
modularized and new AP's could be built using the AM's as “building blocks”. In addition, AM's
could be used to extend existing AP's as has been done with AP203 where prototype
implementations have been developed and tested in the CAx - Implementors Forum (see below).
As stated previously, the AM process portends to significantly reduce STEP development
timelines.

STEP On A Page (SOAP), above, briefly defines and identifies AIC's and AM's.

Almost all of the current STEP AIC's (i.e., 501 - 515, 517, 519, 520) have achieved
International Standard (IS) status. AIC518 is currently at Draft International Standard (DIS)
status, and AIC516 was cancelled. AIC521 is new and its five (5) month DIS Ballot began In
December 2001.

The AIC's are reiterated below for reference

10303-501:2000 - Edge-based wireframe
10303-502:2000 - Shell-based wireframe
10303-503:2000 - Geometrically Bounded 2D wireframe
10303-504:2000 - Draughting annotation
10303-505:2000 - Drawing structure and administration
10303-506:2000 - Draughting elements

10303-507:2001 - Geometrically bounded surface
10303-508:2001 - Non-manifold surface
10303-509:2001 - Manifold surface

10303-510:2000 - Geometrically bounded wireframe
10303-511:2001 - Topologically bounded surface
10303-512:1999 - Faceted boundary representation
10303-513:2000 - Elementary boundary representation
10303-514:1999 - Advanced boundary representation
10303-515:2000 - Constructive solid geometry
10303-517:2000 - Mechanical design geometric presentation
10303-518/DIS - Mechanical design shaded presentation
10303-519:2000 - Geometric tolerances

10303-520:1999 - Associative draughting elements
10303-521/CD - Manifold subsurface

The initial set of nine (9) Application Modules (AM) (AMs 1001-1009) were published as
Technical Specifications (TS) in 2001. (http://www .nist.gov/sc4/nwi_pwi/nwi/step/sal_mods/)

This initial set of AM's is listed below:

10303-1001:2001 - Application module: Appearance assignment
10303-1002:2001 - Application Module: Colour
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10303-1003:2001 - Application module: Curve appearance
10303-1004:2001 - Application module: Elemental shape
10303-1005:2001 - Application module: Elemental topological shape.
10303-1006:2001 - Application module: Foundation representation.
10303-1007:2001 - Application module: General surface appearance.
10303-1008:2001 - Application Module: Layer assignment
10303-1009:2001 - Application Module: Shape appearance and layers

The supplementary SOAP Table (see Figure 3 above) lists these and the additional 64
PDM modules being balloted as TS’s from 19 October 2001 to 18 February 2002.

The currently planned Module Suites include:
* Drafting (Color/layer, Associative Text) (AM’s 1001-1009)
e Product Data Management (PDM) (Being Balloted — see Figure 3)
* Construction History (in development)
* Dimensional Tolerances (in development)
* Geometric Validation Properties (in development)
* Engineering Analysis (in development)
* Exchange Management (in development)
» Systems Engineering (in development)

For more information on the concept and architecture of STEP Application Module
Development, visit the following web site: : .ati .org/Modules/index.htm
EuroSTEP administers the STEP module repository at http://sourceforge.net/projects/stepmod].

Selective pilot/prototype testing of modular extensions of AP203 with the Colours &
Layers, Associative Text, and Geometric Validation Properties modules is being done in the
Joint PDES, Inc./ProSTEP CAx - Implementors Forum (CAx-IF).

Recommended Practices Guides (RPGs) exist for these modules and several others and can
be found on the PDES, Inc. public web site.

"PDES, Inc. Developed Recommended Practices Documents:
http://pdesinc.aticorp.org/rec_prac.html|

AP203 Recommended Practices
AP209 Recommended Practices
AP210 Concept of Operations

AP232 Recommended Practices

PDES, Inc. and ProSTEP Developed Recommended Practices Documents:
PDM Schema Usage Guide

3-D Associative Text Recommended Practices
Recommended Practices for Dimensions and Dimensional Tolerances
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Recommended Practices for Form Features: Round Hole, Thread and Compound
Features

Recommended Practices for Colors and Layers

Recommended Practices for Model Viewing

Recommended Practices for Geometric Validation Properties"

Other Recommended Practices Guides (RPG's) are in preparation, including AP226 and AP227.

2.5 STEP and XML, STEPmI, Implementation Methods

(See http://www.stepml.org/specifications.html)

“STEPml is a library of (eXtensible Markup Language) XML specifications --- Document Type
Definitions (DTDs) and/or XML Schemas --- for product data. STEPmI’s content is based on
information models from STEP...” “ STEPml is Product Data for the Web. Product data is a
key enabler for process integration, supply chain management, collaborative engineering,
analysis, manufacturing and customer support. Virtual enterprises using the Web need STEPmI
as the standard for product data schemas.” STEPml implementations will enable “companies to
communicate information about products within their organization and their business partners
using the Web.”

“This STEPmI specification addresses the requirements to identify and classify or categorize
products, components, assemblies (ignoring their structure) and/or parts. Identification and
classification are concepts assigned to a product by a particular organization. This specification
describes the core identification capability upon which additional capabilities, such as product
structure, are based.

Scope statement
The following are within the scope of the STEPmI specification:
* identifying products using a string value that is unique within the organization that
assigned the value for a type of product;
* representing the name of a product;
* representing an optional description of a product;
* representing the categorization of the product;
* the specification of a data structure to identify an organization;
» the specification of a data structure to identify a person,;
* the specification of a data structure to relate a person to an organization;
» the specification of a data structure to represent an address;
* an organization may have a related address;
* aperson in an organization may have a related address;
» all identified people must be related to organizations;
* the assignment of an organization to product data;
* the assignment of a person in an organization to product data;
* specifying a data structure to record the names of categories for products;
* specifying a data structure to optionally record the description or definition of a product
category;
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» specifying a data structure to relate product categories in a hierarchical manner;
* optionally recording what organisation or person in organisation defines a category for a
product.
The following are outside the scope of this specification:
* representing product version information;
* representing product structure (e.g. assembly or BOM) information;
* representing change management information related to a product.
These additional capabilities are or will be addressed in other STEPmlI specifications.”

The design of the structure of STEPmI markup is based on the Object Serialization Early
Binding (OSEB). (See http://www.stepml.org/oseb/index.html) (See also Part 28 below.)

Part 28

Part 28 provides a representation of data according to the syntax of Extensible Markup Language
(XML) defined using ISO 10303-11 (the EXPRESS language) and/or for EXPRESS schemas. The
mappings are specified from the EXPRESS language to the syntax of the representation. Any
EXPRESS schema or schemas and the data they describe can be represented. (Note: the original
Part 28 was subsequently split into two parts --- a revised Part 28 and a Part 25. They are both
being developed as Technical Specifications (TS).)

Part 25

Part 25 provides a mapping of EXPRESS into the physical meta-model of the Universal Modeling
Language (UML) enabling the Object Management Group’s (OMG) XML Metadata Interchange
(XMI).

ISO/TS 10303-28 Implementation methods: XML representation for EXPRESS driven
data

“This part of ISO 10303 specifies means by which data and schemas specified using the
EXPRESS language (ISO 10303-11) can be encoded using XML. XML provides a basic syntax
that can be used in many different ways to encode information. In this part of ISO 10303, the
following uses of XML are specified:

a) A late bound XML architectural element declaration set that enables any EXPRESS

schema to be encoded;

b) An extension to the late bound element declaration set to enable data corresponding to any

EXPRESS schema to be encoded as XML;

c¢) An early bound declaration set that uses the late bound set as its basis;

d) The use of SGML architectures to enable further XML forms to be defined that are

compatible with the late bound declaration set;

e) A mapping from the EXPRESS language to the XML Metadata Interchange format

(deferred to Part 25);

f) An object based XML binding that is specialised to meet requirements for inter-process

communication.
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The use of architectures allows for different early bindings to be defined that are compatible
with each other and can be processed using the architectural elements.

Scope

This part of ISO 10303 specifies use of the Extensible Markup Language (XML) to enable the
transfer of schemas specified using the EXPRESS data specification language (ISO 10303-11)
and data that is governed by EXPRESS schemas.

The following are within the scope of this part of ISO 10303.

Specification of XML element declarations that enable any EXPRESS schema to be
encoded using XML.

Specification of XML element declarations that enable data that is governed by any
EXPRESS schema to be encoded as XML. (NOTE: XML element declarations specified
using this method are referred to as late bound, in that they are independent of any
EXPRESS schema. This specification allows for a number of choices for encoding the
data.)

Methods for the specification of XML element declarations that enable data that is
governed by a specific EXPRESS schema to be encoded as XML, where the mapping
from the EXPRESS language and XML is independent of the characteristics of any
specific EXPRESS schema. (NOTE: XML element declarations specified using these
methods are referred to as early bound, in that they are specific to a given schema.)
Methods for the specification of the correspondence between XML element declarations
that enable encoding of data governed by a specific schema (early bound) and XML
element declarations that enable encoding of data governed by any schema (late bound).
Specification of a mapping from EXPRESS to the XML Metadata Interchange (XMI)
Document Type Definition (see Part 25).

The following are outside the scope of this part of ISO 10303.

Methods for the specification of XML declarations that enable data that is governed by a
specific EXPRESS schema to be encoded as XML, where the mapping from the
EXPRESS language and XML is dependent on the characteristics of the specific
EXPRESS schema.

Specification of mappings from XML element declarations to an EXPRESS schema.
(NOTE: Given a set of XML element declarations and one or more corresponding data
sets, it is feasible to create an EXPRESS schema that describes the data. However, this
requires an understanding of the meaning and use of the data that may not be captured by
the XML element declarations.)

Methods for recreation of an EXPRESS schema from an XML encoding of that schema,;
Methods for recreation of an EXPRESS schema from XML element declarations that
have been derived from the schema.”

A Second Edition of Part 28 is being developed based on the Simple Object Access Protocol
(SOAP). This, too, will be balloted as a Technical Specification.
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ISO/TS 10303-25 Implementation methods: EXPRESS to OMG XMl binding

“The Object Management Group (OMG) has standardized the XML Metadata
Interchange specification (XMI) that integrates the OMG Unified Modeling Language (UML) ,
the OMG Meta-Object Facility (MOF) and the World Wide Web Consortium (W3C) Extensible
Markup Language (XML) standards. XMI is a mechanism for the interchange of metadata
between UML-based modeling tools and MOF-based metadata repositories. OMG has also
standardized an XMI compliant interchange format for the UML thus specifying a lexical
representation of UML models based on a standardized metamodel of the UML. That lexical
representation includes, among other things, the ability to interchange data type information,
class information (or entities), groupings of classes providing namespaces for the classes (or
schemas), associations between classes and inheritance between classes (or subtypes).”

This part of ISO 10303 specifies a mapping of EXPRESS constructs into the UML
Interchange Metamodel for XMI use.

The following are within the scope of this part of ISO 10303:
*  Mappings for EXPRESS constructs that appear in UML Static Structure Diagrams;
The following are outside the scope of this part of ISO 10303:

*  Mappings of EXPRESS constructs into UML for purposes other than XMI use;
* Mappings for EXPRESS expressions into any representation in XMI;
* Mappings from UML into EXPRESS.

Implementations of this part of ISO 10303 shall support one or more of the following
mechanisms for interchange based on the mappings specified in this part of ISO 10303:

e the XMI 1.1 based UML 1.4 DTD;
e the XMI 1.0 based UML 1.3 DTD;
e the XMI 1.1 based UML 1.3 DTD;

* any later XMI or XMl-related specification defining a representation of UML 1.4 (or
UML 1.4 equivalent UML 1.3) for UML model interchange.”

Not all EXPRESS constructs are mapped as UML. UML does not support everything that
EXPRESS supports. EXPRESS schemas, being data specifications, are mapped into concepts in
UML that appear in UML Static Structure Diagrams.

Some of the on-going activities in the STEP/XML area are listed below:
¢ The STEPmI Team is developing XML Document Type Definition (DTD) versions
of the STEP Product Data Management (PDM) modules.
¢ NIST is creating an EXPRESS to XML tool. STEP Tools, Inc. already has developed
EXPRESS to XML tools using both an Object Serialization Early Binding (OSEB)
and a Containment Early Binding (CEB).
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¢ NIST has also created a Repository for XML representations of the STEP Application
Modules. (See |http://ats.nist.gov/stepmod/repo.html
(See also http://www.steptools.com/products/strepo/

¢ The ESTEP Shipbuilding Project is developing a Part 28 implementation for AP227
(Edition 2).

¢ STEP-NC data are also being generated in both OSEB and CEB XML formats.

In the following two (2) sections, the scope is given for each of the AP's that have been
published as ISO 10303 standards and those that are still in the process of being developed. The
conformance classes associated with each of the AP's that have achieved IS status are also
provided, as well as many of those that are still in development. The intention here is to provide
the engineering user with a view of the robustness of the STEP AP's and the potential usefulness
of implementations of the associated conformance classes. It is the engineering user who must
drive commercial (or internal) implementations of STEP AP conformance classes.

2.6 Scopes and Conformance Classes of Application Protocols (AP) with IS Status

Many of these scope descriptions are taken from the SC4 Project Management Database
that was last updated on SOLIS (http://www .nist.gov/sc4/sc4dbase/) on September 29, 2001.
The conformance class descriptions are taken from Clause 6 of the International Standard (IS),
Draft International Standard (DIS), or Committee Draft (CD) document as appropriate for the
current stage of the AP. The AP's which have achieved IS status are listed first.

It should be noted that a conformance class of an ISO 10303 Application Protocol
specifies a meaningful part of the AP, all of which must be supported by an implementation.
Conformance to a particular conformance class requires that all AIM entities, types, and
associated constraints defined as part of that class be supported. Conformance to a particular
conformance class requires conformance to each conformance class included in that class.
Conformance to a particular conformance class requires that all Application Resource Model
(ARM) constraints for the Units of Functionality (UoF's) implemented by this class be
supported. (Clause 6 of the Standard spells out the details of each conformance class.)

This section is intended to give the engineering user insight into the coverage of the
specific AP to assist in determining what an implementation of some or all of the conformance
classes of this AP can provide to this user. If more detail is needed, the reader is referred to
Clause 6 of the Standard itself.

2.6.1 AP201: Explicit draughting (ISO 10303-201:1994)

"This part of ISO 10303 is applicable to the inter-organization exchange of computer-
interpretable drawing information and product definition data.

The following are within the scope of this part of ISO 10303:
¢ The representation of drawings for the purpose of exchange, especially for
mechanical engineering, architectural engineering, and construction applications;
¢ The representation of the real size of a product depicted in a drawing to enable use by
applications where true geometric equivalence is required;
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(The representation of the shape of the product is required to support not only visual
equivalence of exchanged drawings but also where true geometric equivalence is
required by the receiving system. Such uses include the calculations of distances or
areas and the generation of numerical control tool paths.)

The representation of a drawing that depicts any phase of the design;

The representation of individual drawing revisions;

The representation of the two-dimensional draughting shape model depicting the
product shape and the Transformations used for the generation of the drawing views;
The presentation of non-shape product definition data depicted in a drawing by tow-
dimensional annotations;

The hierarchical structure of drawings, drawing sheets, and views of the draughting
shape model;

The mechanisms for the grouping of the elements depicted on a drawing;

The administrative data used for the purpose of drawing management;

The administrative data identifying the product versions being documented by the
drawing.

The following are outside the scope of this part of ISO 10303:

¢

* & & o o

The representation of the shape of a product using three-dimensional geometry;

The representation of the shape of a product that is not depicted in a drawing;

The representation of drawings that are not related to a product;

The exchange of drawing history;

The definition of annotation in three-dimensional coordinate systems;

The presentation of dimensions and annotation that are associated to viewed
geometry and annotation;

A computer-interpretable bill of material structure except as conveyed by annotation
on the drawing;

Strict enforcement of draughting standards;

Drawings containing non-displayable attribute data other than that required as
administrative data (e.g., density, mass, or moment of inertia);

The automatic generation of drawings including views, dimensions, and annotation.
The exchange of data used exclusively for the creation of paper or hardcopy versions
of the drawing (e.g., pen designations, plot scale, or plot color specifications)."

AP201 is a single Conformance Class.

cc: Explicit draughting

2.6.2 AP202: Associative draughting (1ISO 10303-202:1996)

"This part of ISO 10303 provides for the inter-organization exchange of computer-interpretable
drawing information and associated product definition data.

The following are within the scope of this part of ISO 10303:
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The structures for representing drawings for the purpose of exchange, suitable for
mechanical engineering and Architecture, Engineering, Construction (AEC) applications;
The structures for representing a drawing that depicts any phase of the life cycle of a
product;

The structures for representing individual drawing revisions;

The structures for representing the two-dimensional or three-dimensional product shape;
The structures for representing the transformations of the shape model used for the
generation of the drawing views;

The hierarchical structure of drawings, drawing sheets, and views of the draughting shape
model;

The presentation of non-shape product definition data depicted in a drawing by two-
dimensional annotation or planar annotation defined in a three-dimensional coordinate
space;

Mechanisms for the grouping of the elements depicted on a drawing;

The administrative data used for the purpose of drawing management;

The administrative data identifying the product versions being documented by the
drawing;

The structures for representing associations between dimensions or draughting callouts
and their respective target product shape geometry or annotation;

The structures for representing associations between the boundaries of a fill area and the
product shape geometry or annotation from which they are derived;

Seven classes of draughting shape models used to represent product shape which include
advanced boundary representation, faceted boundary representation, elementary
boundary representation, manifold surfaces with topology, surface or wireframe
geometry without topology, wireframe geometry with topology, and elementary curve
sets;

The presentation of dimensions and annotation that may be, but need not be, associated
with viewed geometry or annotation.

The following are outside the scope of this part of ISO 10303:

¢

¢
¢

A draughting shape model that is not depicted in a drawing nor used as a constituent of
another draughting shape model;

The structures for representing drawings that are not related to a product;

The structures for defining the relationship between multiple drawings;

Drawings could be related to document the assembly structure of a part or define the history
between multiple versions of the same drawing.

¢
¢

¢

Non-planar annotation defined in a three-dimensional coordinate space;

A bill of material presented on the drawing by annotation where the information is
interpretable to a computer as a bill of materials;

Enforcement of conventions and rules found in draughting standards;

This part of ISO 10303 supports the use of draughting standards but does not redefine them.
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¢

The exchange of non-displayable attribute data other than that required as administrative
data (e.g., density, mass, or moment inertia);

The automatic generation of drawings including views, dimensions, and annotations;

The exchange of data used exclusively for the creation of paper or hard copy versions of
the drawing (e.g., pen designations, plot scale, or plot colour specifications);

The presentation of the shape of a product in a two-dimensional view using light sources
and shading;

The association between geometric tolerances and related geometric elements;

A geometric tolerance as described above is a combination of geometric characteristics
symbols, tolerance values, and datum references, where applicable, to express the
permissible variation from the theoretically exact size, profile, orientation, or location of a
feature or datum target. Each of the three possible components, geometric characteristic
symbols, tolerance values, and datum references are computer-identifiable but not computer-
interpretable and, therefore, cannot be associated to geometric elements.

¢

The association between computer-recognizable limit dimensions and shape geometry or
annotation."

AP202 has 10 Conformance Classes:

The conformance classes are characterized as follows:

cc 1: Administration, annotation, data organization (layers, groups), and drawing
structure presentation (colors, fonts) without shape

cc 2: cc 1 and elementary 2D geometrically bounded wireframe

cc 3: cc 1 and all 2D geometrically bounded wireframe

cc4: cc 1 and 2D topological wireframe

cc 5: cc 1 and 3D geometrically bounded wireframe and/or surfaces

cc 6: cc 1 and 3D topological wireframe

cc 7: cc 1 and faceted B-Rep

cc 8: cc 1 and elementary B-Rep

cc 9: cc 1 and advanced B-Rep

cc 10: cc 1 and manifold surface models with topology

2.6.3 AP203: Configuration controlled 3D designs of mechanical parts and assemblies (ISO

10303-203:1994)

" The following are within the scope of this part of ISO 10303:

¢
¢

Products that are mechanical parts and assemblies;

Product definition data and configuration control data pertaining to the design phase of a
product's development;

The change of a design and data related to the documentation of the change process;

Five types of shape representations of a part that include wireframe and surface without
topology, wireframe geometry with topology, manifold surfaces with topology, faceted
boundary representation, and boundary representation;
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Alternate representation of the data by different disciplines during the design phase of a
product's life cycle;

Identification of government, industry, company or other specifications for design,
process, surface finish, and materials which are specified by a designer as being
applicable to the design of the product;

The identification of government, industry, company, or other standard parts for the
purpose of their inclusion in a product's design;

Data that are necessary for the tracking of a design's release;

Data that are necessary to track the approval of a design; a design aspect, or a
configuration control aspect of a product;

Data that identify the supplier of either the product or the design and, where required by
an organization, qualification information for the supplier;

If a part is being designed under a contract, the identification of , and reference to, that
contract under which a design is developed;

The identification of the security classification of a single part or a part when it is a
component in an assembly;

Data that is used in, or results from, the analysis or test of a design which is used as
evidence for consideration of a change to a design.

The following are outside the scope of part of ISO 10303:

¢

Data that is used in, or results from, the analysis or test of a design that is not used as
evidence for consideration of a change to a design;

Data that results in changes to the design during the initial design evolution prior to its
release;

Product definition data and configuration control data pertaining to any life cycle phase
of a product's development other than design;

The business data for the management of a design project;

Alternate representations of the data by different disciplines outside of the design phase
(e.g., manufacturing);

The use of constructive solid geometry for the representation of objects;

Data that pertains to the visual presentation of any of the shape or configuration control
data."

AP203 (Edition 1) has 12 Conformance Classes:

The conformance classes are characterized as follows:

cc la, b: Configuration controlled-design information without shape (cc lais a
specified "product identification" subset of cc 1b)

cc 2a, b: cc la, b and 3D geometrically bounded wireframe and/or surface models

cc 3a, b: cc la, b and 3D wireframe models with topology

cc 4a, b: cc la, b and manifold surface models with topology

cc 5a, b: cc la, b and faceted B-Rep

cc 6a, b: cc la, b and advanced B-Rep
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Edition 2 - Will be Modularized — Colours & Layers, Validation Properties, Construction
History, Validation Properties, Dimensions and Tolerances will be added to the scope,
and the Configuration Management data (cc la & cc 1b) will be replaced by the PDM
Schema/Modules.

2.6.4 AP207: Sheet metal die planning and design (ISO 10303-207:1999)

"This part of ISO 10303 specifies the use of the integrated resources necessary for the scope and
information requirements for exchange of information between contractors and suppliers to
enable the eventual manufacture of sheet metal dies used in the production process of sheet metal
parts.

The following are within the scope of this part of ISO 10303:
¢ Types of product supported: (This list describes the types of product for which data is
in scope. The products themselves are not in scope, because they are not data.)

(1) Sheet metal part design data (Sheet metal part designs may be for sheet metal
parts intended for the exterior of a product, those intended for the interior of a
product, those intended to be in view on the final product, or those intended to
support loads or maintain structure of a product. Sheet metal part designs may
also be for sheet metal parts that are products in themselves.);

(2) Sheet metal die design data, including die face design and die structure design, for
an individual die against which sheet metal is formed by processes that do not
involve a mating die;

(3) Sheet metal die set design data, including die face design and die structure design,
for die sets used in a stamping press machine to manufacture sheet metal parts;

(4) Sheet metal part manufacture description data.

¢ Types of product data supported:

(1) Design data for materials, sheet metal in-process parts, sheet metal parts, die

components, individual dies, and dies sets;

(2) Process data for sheet metal part manufacture;

(3) Change and schedule data for design of product definition data and manufacture

description data;

(4) Data ownership, generating system information, and exchange history

surrounding product definition data and manufacture description data;

(5) The id